Objective: To examine differences between Pakistani and White British women in relation to socioeconomic position, lifestyle and health-related pregnancy characteristics, and to determine whether these differences vary depending on the woman's, her partner's and both of their parents' place of birth.
INTRODUCTION

Migration of South Asian populations to high-income countries is generally thought to offer socioeconomic advantages in the
Strengths and limitations of this study
▪ The strengths of this study include a large sample size and a range of outcomes including oral glucose tolerance test data and detailed ancestry information. ▪ We have, for the first time, been able to examine ethnic differences in socioeconomic, lifestyle and pregnancy characteristics using information on the place of birth of women and their partners. We had also set out to explore differences based on all four grandparents, but once we began analysing data it was apparent that for the majority of Pakistani women and their partners, all four of their parents were South Asian born. This limited our ability to explore differences across two generations, but highlights the persistence of strong family links in this community that has lived in Bradford for over 6 decades. ▪ A potential limitation is that our results may not be generalisable to other South Asian populations and further work will be important to track these differences over future generations of UK South Asian migrants.
form of improved education and employment opportunities, better housing and access to healthcare. However, improvements in environmental circumstances do not necessarily translate into improvements in health outcomes. Indeed, South Asian migrant populations to the UK experience an increased risk of maternal 1 and infant mortality 2 and some chronic diseases 3 compared with the UK population as a whole. This may reflect previous disadvantage associated with the country of origin which could persist over several generations, or could be a consequence of poor socioeconomic status within the host country. For example, UK South Asian communities are on average very poor. 4 That is, it could be that in comparison to those who do not migrate, there are improved health outcomes, but these remain poorer in comparison to the indigenous population. A further explanation is that the adoption of unhealthy and sedentary lifestyles associated with acculturation or Westernisation, often characterised by low levels of physical activity, 5 consumption of high calorie, energy-rich diets 6 and cigarette smoking, 7 8 counteracts any potential health advantage of living in a higher income country. This may vary across different migrant communities, but where this is the case the adoption of such lifestyles may be particularly harmful to South Asian individuals who, for a given body mass index (BMI), have greater total and central adiposity and are known to be at greater risk of type 2 diabetes and cardiovascular disease than European adults. [8] [9] [10] [11] Ethnic differences in socioeconomic position and lifestyle that might impact on health during pregnancy could contribute to some of the known ethnic differences in pregnancy complications and perinatal outcomes. For example, they could contribute to the established greater risk of gestational diabetes (GDM) 12 13 and small for gestational age (SGA) [14] [15] [16] in South Asian compared to White British women. They could also drive ethnic differences in future generations either through intrauterine effects of maternal behaviours on these or as a result of the adoption of parental lifestyles by offspring and a lack of social migration. Previous studies have reported ethnic differences in socioeconomic and lifestyle characteristics between South Asian and White British women during pregnancy. Findings from the Millennium Cohort Study suggest that South Asian women, in particular those originating from Pakistan and Bangladesh, are less likely to have formal educational qualifications, more likely to belong to lower socioeconomic groups and more likely to have never worked or be long-term unemployed. 7 16 Marked differences in smoking and alcohol consumption between South Asian and White British women have also been reported. 7 17 While outside pregnancy BMI is reportedly higher among South Asian women compared to White British women, 18 we have previously reported that BMI is lower among Pakistani origin pregnant women in the Born in Bradford (BiB) cohort. 17 Much less is known about maternal blood glucose and insulin, in particular whether there are differences in these outcomes across generations of UK South Asian migrants. To the best of our knowledge, no previous studies have examined ethnic differences in all these characteristics (socioeconomic, lifestyle, pregnancy) collectively, which is important to identify areas where South Asian women may have better outcomes and those where European women may have better outcomes. This knowledge could support the delivery of appropriate antenatal care aimed at maximising maternal and child health in both White British and South Asian groups.
Furthermore, previous studies have not explored whether any identified ethnic differences during pregnancy are consistent when the mother's, her partner's and both of their parents' country of origin are taken into account. In a previous study, using data from the BiB cohort, which is used in this paper, we showed that birthweight was lower, but that birth fatness (assessed using skinfold thickness and cord blood leptin) was greater in Pakistani compared to White British infants. 17 We further showed that these differences did not differ by whether both the mother and her partner and all four of their parents were born in the UK, all were born in South Asia or there was a mixed pattern between these two extremes. 17 We extend that work to look at a range of socioeconomic position, lifestyle and pregnancy-related outcomes, in order to understand whether in the context of place of birth of women and her closest family relatives, there are some ethnic differences that are reduced or some that are enhanced, and if so whether these would be beneficial or detrimental to health.
The aim of this study was to examine differences between Pakistani women and White British women in relation to socioeconomic position (employment status; level of education; receipt of means tested benefits; housing tenure), lifestyle characteristics (BMI at the start of pregnancy; smoking during pregnancy) and health-related pregnancy characteristics (hypertensive disorders of pregnancy (HDP); GDM; fasting glucose, postload glucose and fasting insulin at ∼27 weeks gestation) and to determine whether these differences vary depending upon the woman's, her partner's and both of their parents' place of birth.
METHODS Participants
The BiB study is a largely bi-ethnic prospective birth cohort study that recruited women during pregnancy and has followed them, their infants and their partners into the child's infancy. To be eligible for the study, women had to attend a booking clinic between March 2007 and December 2010 and be booked to give birth in the city of Bradford. Full details of the study methodology have been previously reported. 18 Women were recruited at their oral glucose tolerance test (OGTT) appointment; all women booked for delivery in Bradford are offered a 75 g OGTT (comprising fasting and 2 h postload samples) at around 26-28 weeks gestation. Women who attended this appointment and agreed to take part in the study consented to the use of their obstetric medical records, had their height and weight recorded and completed an interviewer administered questionnaire. The questionnaire included questions relating to ethnicity, social and economic circumstances, smoking, alcohol, diet, education and employment and collected place of birth information for both parents and all four grandparents. Interviews were conducted in a range of South Asian languages (including Mirpuri, Bengali, Punjabi). Mirpuri is the most commonly spoken Asian language in Bradford but has no written script; therefore, questionnaires were transliterated, that is translated verbally to Mirpuri and then written phonetically, precisely as spoken to ensure that all interpreters translated it in the same way. Details of the language used to conduct the questionnaire were recorded. Ethics approval for the study was provided by the Bradford Local Research Ethics Committee (ref 06/ Q1202/48). Data were available for 11 113 women recruited to the BiB cohort. We excluded stillbirths (n=64) and infants born to parents of ethnic origin other than White British or Pakistani (n=1598). Of the remaining 9451 participants, 7159 had complete data for all variables included in all models; thus, 3656 Pakistani and 3503 White British women are included in these analyses. Women with existing diabetes (0.5% of the BiB cohort) are not invited to attend for the glucose tolerance test as they are treated from the start of their pregnancy by an endocrine physician. As a result, these women were not recruited at the same time as other participants and do not have some data, including parental place of birth. These women are therefore not included in these complete case analyses.
Woman's family member's place of birth Ethnicity was self-reported at the interview, with participants given response options based on the UK Office of National Statistics guidance. 19 Women completed a detailed ancestry interview, which included details of the place of birth of themselves, their partner and all four parents of themselves and their partner. Family place of birth groups of the Pakistani infants were derived from these data as previously reported. 17 In the previous report, since our outcome of interest was infant birth size, the groups were defined in terms of 'parents' and 'grandparents'. As our outcomes here are in pregnant women, we have described them in relation to her, but the groups are essentially the same as in the previous paper. Our aim in that previous paper, as here, was to examine differences across all possible groups based on place of birth of the woman, her partner and all four parents. Thus, we began by determining numbers in all 64 possible combinations of these six family members. Having done that, it was apparent that for almost all women, the four parents of the woman and her partner were South Asian born, meaning that the analyses were based primarily on the woman's and her partner's place of birth. Overall, 90% of women fell into one of four main categories: 1. Woman and her partner UK born and all four of their parents South Asian born; 2. Woman UK born, partner and all four of their parents South Asian born; 3. Partner UK born, woman and all four parents South Asian born; 4. Woman, her partner and four parents all South Asian born.
The remaining 11% (n=345), including those with one or more of the woman's or her partner's parents being UK born or where their parents' place of birth was unknown, was combined to form one 'other' group.
Outcome measures Socioeconomic
Information on socioeconomic indicators (employment, education, receipt of benefits, housing tenure) was obtained from the interview with the woman at recruitment. We equivalised the mother's highest educational qualifications (based on the qualification received and the country obtained) into one of several categories using UK NARIC (http://www.ecctis.co.uk/naric/ default.aspx): <5 GCSE equivalent,≥5 GCSE equivalent, 'A' level equivalent, Higher than A-level equivalent, Other qualifications (eg, City and Guilds, RSA/OCR, BTEC), Don't know, Foreign Unknown. Don't know relates to the mother responding 'don't know' during interview. Foreign Unknown relates to a qualification listed in the free text response but no level of qualification is given, or the qualification listed cannot be equivalised to one of the above categories. For these analyses, women were categorised as having been educated beyond the age of 16 or not (ie, Higher than A-level equivalent, Other qualifications (eg, City and Guilds, RSA/OCR, BTEC). Receipt of means tested benefits was based on the mother or her household receiving any of: income support, job seekers allowance, working tax credit or housing benefit. Housing tenure was categorised according to whether the woman lived in a household where the home was either part-owned (ie, mortgaged) or owned outright or not (ie, rented).
Lifestyle BMI is used in these analyses as a proxy marker of lifestyle as it is an outcome that can potentially be influenced by changes or differences in lifestyle (in particular, dietary choices and levels of physical activity). At recruitment, women were weighed and their height measured (unshod and in light clothing) using SECA digital scales and a Leicester Height Measure, respectively. Weight at first antenatal clinic assessment when women were around 12 weeks gestation (median 12 weeks, IQR 11, 14) was abstracted from the antenatal records and this weight, together with height measured at recruitment, was used to calculate the woman's BMI so that this reflected early pregnancy BMI before substantial contribution from pregnancy and the growing fetus. Information on smoking was obtained at the questionnaire interview, with women categorised as having smoked cigarettes at any stage of their pregnancy or not. As none of the Pakistani origin women reported drinking alcohol, we were unable to include alcohol consumption as an outcome.
Health-related pregnancy characteristics
Women were classified as hypertensive in pregnancy if they had a systolic measure ≥140 and a diastolic ≥90 mm Hg on two or more occasions after 20 weeks gestation; information on this was obtained from the antenatal records. Fasting and postload glucose and fasting insulin were obtained from the OGTT plasma samples, which were assayed immediately after sampling at the biochemistry department of Bradford Royal Infirmary using the glucose oxidase method on Siemen's Advia 2400 chemistry autoanalysers. GDM was defined using the fasting and postload glucose according to WHO criteria 20 at the time these women were pregnant as either a fasting glucose ≥6.1 mmol/L or a 2 h postload glucose ≥7.8 mmol/L. Women with existing diabetes prior to pregnancy did not complete an OGTT and are not included in this sample.
Statistical analyses
All analyses were performed using Stata (V.12.1). We used univariable regression to examine the association of ethnicity and family place of the birth group with outcomes. Included predictor variables were decided a priori based on existing evidence and knowledge. Logistic regression was used for binary outcomes and linear regression for continuous outcomes, with the White British group used as the reference for all analyses, that is, we compared outcomes in 'all' Pakistani women and then each of the five family place of birth subgroups of Pakistani women to outcomes in White British women. The rationale for this is because our aim is primarily to compare all Pakistani origin women with White British women and then to compare subgroups based on place of birth with the same reference group of White British women to see if place of birth of the Pakistani women influences the extent to which they differ or not from the indigenous population. In all adjusted analyses, we adjusted for maternal age and parity (model 1). For the lifestyle outcomes (early pregnancy BMI; smoking), we also adjusted for each of the indicators of socioeconomic position in order to explore the extent to which any differences in these lifestyles might reflect ethnic differences in socioeconomic position (model 2). For the health-related pregnancy characteristics, we also adjusted for socioeconomic indicators (model 2) and also for the lifestyle characteristics (BMI; smoking) (model 3), to explore whether these explained any of the differences. When age and BMI were included in models as covariables, they were used as continuous variables. The existing literature supports their linear associations with outcomes and we confirmed this graphically. For all multivariable models, we examined the residuals and these were all found to be approximately normal. Further, we checked potential problems with collinearity in each model by assessing variance inflation and found that this was lower than 2 for all independent variables in all models.
RESULTS
The characteristics of White British and Pakistani origin women are shown in table 1. There was little difference between the two ethnic groups in mean gestation, premature births and infant sex. As reported in our previous paper, 17 birth weight of their infant was markedly lower in Pakistani compared to White British women when all Pakistani origin women were combined and also when compared by subgroups based on place of birth. On average, Pakistani origin women were slightly older, in particular when both parents were South Asian born, markedly more likely to be married and have lived within larger households than White British women. These differences were similar across all generation groups. Pakistani women were shorter than White British women, but the difference was less when they were UK born. There were also some differences in parity across Pakistani generation groups; for example, parity was on average lowest when both parents were UK born and highest when both parents were born in South Asia.
The odds of being in employment for Pakistani women were 83% lower than for White British women (adjusted OR 0.17, 95% CI 0.15 to 0.19%), but there were differences by family place of birth (table 2) . These odds were 94% less for those who were South Asian born, but this difference reduced to 60% for Pakistani women when both they and their partner were UK born. Following adjustment for maternal age and parity, Pakistani women as a whole were more likely to be educated beyond the age of 16 than White British women (OR 1.15, 95% CI 1.04 to 1.27%); however, there were marked differences across family place of birth groups with women who were South Asian born being less likely, and those who were UK born being more likely compared to White British women, to be educated beyond 16 years. Being in receipt of means tested benefits was similar in both ethnic groups when Pakistani women were assessed as a whole (adjusted OR 0.97, 95% CI 0.87 to 1.09%), although for Pakistani women who were UK born with a South Asian partner there were increased odds of receiving benefits. Compared to White British women, Pakistani women were considerably more likely to own or part-own their home (adjusted OR 2.30, 95% CI 2.07 to 2.56%), and this was consistent across all family place of birth groups. 27 (6) 28 (5) 28 (5) 28 (5) 27 (5) 30 (5) 
Total number of household members Mean (SD)
*All four parents of the woman and her partner South Asian (SA) born. Table 3 shows the unadjusted and adjusted (models 1 and 2) ethnic difference in lifestyle characteristics. Pakistani women had a lower BMI than White British women (adjusted (model 2) mean difference −1.12 95% CI −1.43 to −0.81%), but the difference was much greater when the woman's partner was UK born, irrespective of where the woman herself was born (figure 1). The odds of smoking for Pakistani women were around 94% less and this was similar across generation groups other than when both the woman and her partner were UK born, in which case they were 85% less. None of the Pakistani women reported drinking any alcohol during pregnancy (0%), whereas 8% of White British women drank during pregnancy.
In table 4 , the unadjusted and adjusted (models 1-3) ethnic difference in pregnancy characteristics is shown. Fewer Pakistani women in general had HDP (adjusted (model 3) OR 0.87, 95% CI 0.67 to 1.13%), although this result was imprecisely estimated with wide CIs that included the null. This was not consistent across all family place of birth groups; for example, women who were South Asian born were slightly more likely to have HDP than White British women, and this was the case in all three adjusted models. Pakistani women were more likely to have GDM and higher fasting and postload glucose and fasting insulin than White British women, and these differences were broadly similar across all three models of adjustment. There were some differences by family place of birth group; for example, the difference in postload glucose between Pakistani and White British women was far greater when the woman and her partner were born in South Asia than when both were UK born (adjusted mean difference (model 3) 0.57, 95% CI 0.45 to 0.69% and 0.18, 95% CI 0.02 to 0.34%, respectively, and figure 2).
DISCUSSION
We have shown differences across a range of socioeconomic, lifestyle and pregnancy characteristics between Pakistani and White British origin women, and these vary depending on whether Pakistani women are born in the UK or South Asia. We have, for the first time, been able to consider not only the woman's place of birth, but also her partner's and both of their parents' place of birth, though after preliminary analyses it was clear that for the majority of women and their partners, all four of their parents were South Asian born. This provides important information about how these differences might be reduced or even enhanced with greater acculturation over generations. For example, the odds of Pakistani women as a whole being in employment were 83% less than in White British women, but across generation groups this difference varied from 60%, when both the woman and her partner were born in the UK, to 94% when both the woman and her partner were South Asian born. Likewise, we found interesting differences in education Table 3 Unadjusted and adjusted* mean difference/ORs (95% CI) for lifestyle characteristics for ethnic and generation groups (3) 25 (7) 47 (5) 7 (0.8)
18 (2) 26 (8) Unadjusted OR *Adjusted for maternal age; parity. †All four parents of the woman and her partner South Asian (SA) born. ‡Adjusted for maternal age; parity; employment status; level of education, receipt of means tested benefits; housing tenure. 16 . This could reflect a positive effect of migration and acculturation on social mobility, which most likely plays a part in the employment differences described above and is consistent with previous reports. 7 21 While differences in employment and education by place of birth suggest the adoption of some British lifestyle characteristics, the tendency of Pakistani women to live within larger households and to be more likely to own or part-own their own home suggests that the traditional culture of living within extended families has been maintained across all place of birth subgroups of Pakistani women. Living with an extended family could have considerable benefits for the mother and her offspring, such as childcare support and greater social capital, but could also result in overcrowding and potential detrimental impacts of this on health. 22 Early analyses using data from BiB suggests that living with more family members does not lead to greater family social capital (Cabieses B, unpublished data 2013). Pakistani women who were born in the UK but had a South Asian born partner were more likely to claim benefits, compared to White British women, than those who were South Asian born, which is surprising given that they tend to be more likely to be in employment. This might reflect a tendency for South Asian born partners to be in lower paid employment reducing total household income, or that poorer command of the English language (more likely among those Pakistani women who were South Asian born and were less likely to claim benefits compared to White British women) is a barrier to accessing services and social support.
Greater social migration, for example, coming to the UK for social reasons, has been associated with increased uptake of lifestyle characteristics of the host country such as smoking and alcohol consumption. 7 We report a similar trend in that UK born Pakistani origin women were more likely to smoke than South Asian born women, but smoking was still uncommon among all Pakistani women compared to White British women and none of them reported any alcohol consumption during pregnancy. Thus, the increase in these harmful health behaviours over generations in some migrant groups, while showing some signs of change, appears to be minimal among Pakistani women. This may reflect persisting cultural or religious influences 23 24 and could be related to the fact that for the majority of women, both of their parents and their partners' parents were South Asian born, We found BMI to be slightly lower among Pakistani origin women compared to White British women, although there were interesting differences across family place of birth groups. The finding that the difference in BMI between Pakistani and White British women was markedly greater for Pakistani women with a UK born partner, irrespective of their own place of birth, than for women with a South Asian born partner is particularly striking. One possible explanation is that within this population, partners/husbands have a particularly dominant role. 25 Thus, the lifestyle choices of the family or household will be driven mostly by the social norms and habits of the partner. In the case of men born in the UK, these are likely to be influenced by western culture, which promotes a lower BMI as both healthy and attractive. Similarly, having been brought up and educated in the UK, they may be more likely to participate in organised physical activity and also may be more receptive to UK public health campaigns.
Health-related pregnancy characteristics may be most important to the long-term health of South Asian migrants in the UK, particularly in relation to the association of these characteristics with cardiovascular disease and type 2 diabetes. 26 We report a number of differences between Pakistani women and White British women in HDP, glucose tolerance, fasting insulin and GDM. Pakistani women as a whole group were less likely to have HDP, although this was not consistent across family subgroups, but they were more than twice as Figure 1 Adjusted mean differences in body mass index for Pakistani women relative to White British women. *Model 2: Adjusted for maternal age; parity; employment; post-16 education; receipt of means tested benefits; housing tenure. Table 4 Unadjusted and adjusted* mean difference/ORs (95% CI) for health-related pregnancy characteristics for ethnic and generation groups Hypertensive disorders of pregnancy Number (%) 239 (7) 188 (5) 16 (4) 51 (5) 43 (5) 66 (6) 12 ( (5) 406 (11) 30 (8) 96 (10) 92 (11) 159 (15) 29 (8 likely to have GDM. Consistent with these higher rates of GDM, Pakistani women had higher fasting and postload glucose and higher fasting insulin than White British women. These findings are similar to those from previous studies showing that South Asian women are more likely to have GDM than White European women. 12 13 They are also consistent with considerable evidence that adult non-pregnant women and men have a higher risk of insulin resistance and type 2 diabetes. 9-11 26 We found that the increased likelihood of Pakistani women having GDM compared to White British women was greatest for South Asian born women. We also found that the mean difference in fasting and postload glucose and fasting insulin relative to White British women was substantively greater when the woman and her partner were both born in South Asia. This is somewhat surprising as evidence suggests that the increased risk of insulin resistance and type 2 diabetes in South Asian adults compared to White Europeans is largely among those in urban (rather than rural) areas of South Asia 27 or in those who have migrated to Western countries. 9 28 We might therefore have expected the increase to be greater among those who were UK born. The difference between our findings and these previous studies of nonpregnant migrants 9 26 27 might be explained by differences in the population studied, with many of these previous studies being of Indian, or mixed rather than Pakistani origin. Pakistani migrants in general tend to be poorer, shorter and weigh less, and the Pakistani women in this study have lower BMI than the White British women. For religious and cultural reasons, Pakistani women remain unlikely to smoke or drink alcohol, which could influence their glucose tolerance, although smoking is related to lower BMI and therefore would be expected to reduce glucose tolerance. 29 It might also be that while insulin resistance and diabetes in the general population are enhanced in those who migrate and particularly with a greater duration of migration, in pregnancy the impact of place of birth or time since migration differs. We are not aware of other studies with equivalent data to explore this further, but it would be interesting to see if this finding is replicated.
The key strengths of this study are the large sample size, range of outcomes we have been able to examine, including OGTT data, and the detailed information on place of birth. To the best of our knowledge, this is the first study to examine differences between Pakistani and White British women in relation to socioeconomic, lifestyle and pregnancy characteristics using detailed information on the place of birth of women and their partners. We had hoped to explore three generations of Pakistani migrants to Bradford, but for almost all the women in this study, their parents and the parents of their partner were born in South Asia. However, this is in itself an interesting finding and useful for meeting future health needs in the city. It might also explain some of our findings in relation to the persistence of some characteristics across family place of birth subgroups. A potential limitation of our study was the inability to include other South Asian groups in our analyses (Indian and Bangladeshi) due to the small numbers within our cohort. On the one hand, examining a specific South Asian population (Pakistani) reduces the problem of heterogeneity between South Asian groups, but at the same time it may limit the generalisability of our results to other South Asian populations. Our analyses have not accounted for South Asians who migrate to the UK in childhood and may be resident in the UK for much of their development and education, which could potentially dilute any differences between the Pakistani place of birth groups. Within BiB information, regarding the age at which an individual migrated to the UK is only available for women (not their partner or parents); therefore, we were not able to account for this in our family place of birth groups. We were not able to validate the self-report of smoking or alcohol consumption in pregnancy for either the Pakistani or White British women. If reporting bias, which might occur because of the stigma associated with these behaviours in pregnancy, is similar in each ethnic group, it should not bias the comparisons that are the main focus of this paper. Many of the researchers who collected the interview data were of Pakistani origin, and it is possible that this may have resulted in greater under-reporting in Pakistani origin women. However, the prevalence of Figure 2 Adjusted mean differences in postload glucose for Pakistani women relative to White British women. **Model 3: Adjusted for maternal age; parity; employment; post-16 education; receipt of means tested benefits; housing tenure; early pregnancy body mass index; smoking in pregnancy.
these behaviours in this study is similar to those in other studies of Pakistani women. 7 In summary, we have found some evidence that the difference in some of these characteristics between Pakistani and White British women may be changing in response to migration to the UK, in that differences were seen most often in those where the woman or her partner were UK born. Several of these differences would be beneficial to health and well-being. For example, Pakistani women born in the UK were more likely than White British women to be educated beyond age 16 . UK born Pakistani women were also more similar to White British women in terms of employment and there was no evidence that being UK born increased their risk of GDM or glucose intolerance. On the other hand, while the overall prevalence of smoking in Pakistani women in all groups was very small, the difference between them and White British women was least when they were UK born. We have also identified differences that vary according to the woman's partner's place of birth; for example, BMI is lower among Pakistani women with a UK born partner. Further work is needed that continues to track these important ethnic differences over future generations to support the delivery of appropriate antenatal care. 
